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PREFACE

Although resource managers periodically recognize the need for information
on the effects of fires on stream fish habitat, the amount of research on
the topic is amazingly sparse. The reasons include the sporadic nature of
fires, the tendency to treat fires as short-term crises rather than
regularly recurring phenomena, and short-comings in the organization
(including the frequent transfer of personnel) and funding of government
agencies responsible for watershed management. In addition, most of the
published considerations to date of the effects of fire on stream
ecosystems suffer from the lack of a long-term temporal perspective.

In 1979, following the 26,000 ha Mortar Creek Fire in central Idaho, we
began a study to document the changes induced by wildfire on streams of
various sizes in the Salmon River basin of the Frank Church "River of No
Return" Wilderness. The purpose of this report is to compare results
obtained during the first year (1979-1980) following the Mortar Creek Fire
with those obtained in 1988. In addition, we deemed it essential to
document conditions in a number of unburned wilderness streams within the
Payette Forest in order to provide a point of reference against which to
evaluate future changes due to fire (or other environmental perturbations).
To achieve this second goal we examined an array of streams of different
sizes within the Big Creek drainage. Although the results are presented
within the context of a hypothesis concerning the role of habitat
heterogeneity in the structuring of stream benthic macroinvertebrate
communities, they also provide the desired baseline measures. The latter
point is illustrated by the fact that soon after our study was conducted
(August 1988) the Golden Fire (September 1988) burned about 7800 ha within
and immediately adjacent to the Big Creek basin, including the watershed of
one of our study sites (Cliff Creek).

For purposes of clarity and ease of presentation, the results of our
studies are presented as two separate sections dealing with the Mortar
Creek Fire and Big Creek, respectively.
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I. COMPARISON OF CONDITIONS FOLLOWING THE 1979 MORTAR CREEK FIRE
WITH THOSE IN 1988

INTRODUCTION

Wildfires and some prescribed fires result in large, intense, uncontrolled,
forest stand-replacing burns. Such fires instantly kill most above-ground
vegetation, vaporizing much organic matter, and temporarily removing the
protective cover from the soil. Forest regeneration following intense
("hot", crown) fires seems to follow one of several pathways depending on
the soil-moisture regime and fire-return frequency (Schimpf et al. 1980,
Arno et al. 1985). But, regardless of the particular sequence, the process
requires 30 to 300 years to complete (Romme 1982, Lyon 1984, Arno et al.
1985). It is now generally recognized that stream ecosystem responses are
closely linked to terrestrial plant conditions in the surrounding watershed
(Ross 1963, Hynes 1975, Minshall et al. 1985). Therefore, changes in the
structure and composition of terrestrial vegetation following intense fire
may be expected to be reflected in the adjacent streams (Minshall et al.
1989). Since forest regeneration following intense fire is a long-term
process, stream ecosystems may be expected to respond similarly and to
shift in concert with temporal changes in plant structure (bare ground,

shrub/herb, sapling, pole, mature forest, old growth forest) and species
dominance.

Little scientific information currently is available on the effects of
intense fires on streams in general and Rocky Mountain coniferous forest
streams in particular (Tiedemann et al. 1979). Although several studies
have been conducted into the effects of fire on water, most of these have
focused on the short-term loss of nutrients from the land as detected in an
aqueous carrier. Only two investigations (e.g. Johnson and Needham 1966,
Albin 1979) have centered on the impact of fire directly on the stream

ecosystem or specifically on the benthic invertebrate and algal
communities.

The Mortar Creek Fire on the Middle Fork of the Salmon River, Idaho, (a
National Wild River) began as an abandoned campfire on July 25, 1979, and
by the time it was declared out on August 20, it had burned over 26,000 ha
in the River of No Return Wilderness Area. Covering an area even larger
than the state of New Hampshire, the Mortar Creek blaze was one of the
largest in the Intermountain Region in this century. Studies conducted by
the Stream Ecology Center at Idaho State University documented conditions
in the first year following the fire (Minshall et al. 1981).

Although there are other fires of recent vintage in the Rocky Mountains,
the Mortar Creek sites offer the advantages of (a) an intensive fire over
an extensive area covering several watersheds and streams of different
size, (b) known conditions immediately after the fire, (c) corresponding
analyses from reference streams of similar size and landscape setting as

the burn streams, and (d) location in a designated Wilderness Area with no
major confounding anthropogenic disturbances.




The purpose of the study described below was to reexamine conditions in the
Mortar Creek sites in 1988 in order to determine the kinds and magnitudes

of changes which have occurred in the nine years following the fire.
STUDY SITES

A brief characterization of the streams utilized in this study is given in
Table 1. Streams, both in burned and unburned watersheds, ranged from 1lst
to 5th order in size as determined from 7 1/2 minute USGS topographic maps.
However, later direct verification indicated that Char Creek actually was a
2nd order stream. Streams in burned watersheds ("burn streams" for short)
were comparable to their respective unburned "reference" stream in terms of
external link and base flow, except that Marble Creek was about twice as
big as Little Loon Creek. Location of sampling sites is given by the
measurements of elevation and longitude and latitude as obtained from 7 1/2
minute USGS topographic maps.

Streams used for the study lie within the drainage of the Middle Fork of
the Salmon River which flows through remote central Idaho within the River
of No Return Wilderness Area. Access to the study sites is primarily by
trail. The topography in this area shows high relief, with elevations
ranging from 1220 m to 3150 m (Minshall et al. 1981). The geology of the
area is comprised of Challis Volcanics (Eocene age) intruded by the Casto
Pluton phase (Tertiary age) of the Idaho Batholith (Ross 1934). The
climate in the area is semiarid, with most precipitation occurring in
winter. Annual precipitation ranges from 38-100 cm depending on elevation
(Minshall et al. 198l)., Vegetation at the study sites includes: alder
(Alnus), water birch (Betula occidentalis), black poplar (Populus
trichocarpa), aspen (Populus tremuloides), and willow (Salix). Various
conifer species are found in the moister areas of the adjacent slopes but
rarely in high densities. These include: subalpine fir (Abies lasiocarpa),
whitebark pine (Pipus albicaulis), Douglas fir (Pseudotsuga menziesii), and

Ponderosa pine (Pinus ponderosa). The predominant shrub in the area is
sagebrush (Artemisia).

METHODS

The variables selected for study and the type of sample [point (P),
transect (T), or random throughout a lineal reach (R)] are indicated in
Table 2. Emphasis was on biological responses, but key environmental
factors expected to change as a result of fire also were included. Point
sampling was used to obtain data specific to a given location or where one
measurement was sufficient to characterize an entire reach. Transect
sampling was used where factors were expected to vary across the stream in
a regular manner. Random sampling was used where a number of samples were
required to characterize an entire reach.

Most of the methods we used (Table 2) are routine in stream ecology and are
described in detail in standard reference sources (Weber 1973, Greeson et
al. 1977, Lind 1979, Merritt and Cummins 1984, APHA 1985). Further details
are provided in the references in Table 2. Methods for sampling
invertebrates are described in detail by Platts et al. (1983). Procedures
for sample analysis also are outlined in Table 2. In addition to total
standing crops, the invertebrate communities were examined in terms of



Table 1. Selected physical characteristics and locations of the

Mortar Creek Fire Study sites.

BASE

STREAM ORDER LINK FLOW MBM* ELEV LONGITUDE LATITUDE
(m3/s) (cm)  (m)

REFERENCE STREAMS

TEAPOT 1 1 0.002 6 1390 115°02'37" 44%s5'10"

PUNGO 2 10 0.04 8 1396  115°04'21" 44°9a5156"

EF INDIAN 3 12  0.09 8 1413  115°05'32" 44%6'15"

INDIAN 4 89 0.31 9 1414 115°06'27" 44%s6'02"

MARBLE 5 262 1.0 9 1344  115°01'00" 44%a4'3gn

BURN STREAMS

CHAR 2 2 0.004 10 1356  1149s6'08" 44%42'31"

LITTLE 2 7  0.07 10 1408 1149s59'31" 44%3'11"

WFL LOON 4 24 0.10 10 1341  114956'03" 44%42'35"

EFL LOON 4 105 1.5 14 1329 114955158"  44%942135"

L LOON 5 132 2.0 12 1286  114°956'17" 44%43145"

*MBM = Median Bed Material Size.
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species richness, dominance, diversity, and principal functional feeding
groups (Merritt and Cummins 1984, Cummins and Wilzbach 1985).

RESULTS AND DISCUSSION
Physical Changes of Streams

There appeared to be a decrease in % slope in the lst and 2nd order burn
sites (i.e. Char and Little Creek), which did not occur at the respective
reference sites (Table 2). This response was not found in the larger
burned-watershed stream sites. Greater maximum temperature differences also
were found in these small headwater burn sites in the year following the
fire. For example, Little Creek experienced a temperature maximum of 16 °C,
whereas in the reference stream (Pungo Cr.) maximum temperatures reached
only 11 °C (Table 3). Maximum temperatures returned to lower values by 1988
probably as a result of enhanced riparian conditions impeding sunlight. No
differences in maximum temperatures were found in the larger streams.

Changes in Stream Channel Characteristics

Stream channel cross-sectional profiles remained reasonably constant in all
reference streams between 1979/1980 and 1988/1989. However, they showed
dramatic increases in depth and width at all of the burn sites over that
same period (Figures 1, 2). West Fork Little Loon Creek had the greatest
relative change and Little Creek the least.

Changes in Water Chemistry

Values of hardness, alkalinity, and specific conductance showed similar
responses between burn and reference sites and between 1980 and 1988 (Table
4). Three different types of responses were found: (1) levels in reference
and burn sites similar in 1980 and declining to comparable levels in 1988
(Teapot/Char, E.F. Indian/W.F.L. Loon), (2) reference and burn sites
different in 1980 (by 12-16 units for hardness and alkalinity) declining to
similar values in 1988 (Pungo/Little), and (3) burn site values about 2 x's
higher than the reference site in 1980 and declining to substantially lower
values in 1988, whereas reference sites remained about the same in the two
periods (Indian/E.F.L. Loon, Marble/L. Loon). Thus, in three of the five
cases the Mortar Creek Fire initially increased dissolved ion loads by
substantial amounts but by 1988 these had returned to levels found in
unburned streams. However, in two sets of cases, there was no apparent

affect of the 'fire on water chemistry even though burn and reference sites
both showed declines since the fire.

Changes in Periphyton

Streams were paired by size for comparisons. The primary response of
periphyton in the lst order stream (Char Creek) was the initial loss of
moss. This is evident in the order of magnitude difference in chlorophyll a
and AFDM levels in the reference stream (Teapot Creek) compared to Char
Creek (Table 5). In addition, recovery by moss is not evident after 8
years, as is seen in the relatively low chlorophyll a and AFDM values for
Char Creek in 1988 (Table 5). Little Creek, a 2nd order burn site,




Table 3. Percent slope and Delta e (difference of maximum and
mimimum temperature) for 1979 and 1987/1988 for the Mortar Creek
Fire study sites. C=control sites, B=burn sites.

SITE TYPE $SLOPE DELTA °c
1979 1987/88 1979 1987/88

TEAPOT c 18 18+* 7 7
CHAR B 19 14 NA 10
PUNGO c 7 7% 11 15
LITTLE B 14 g* 16 12
EF INDIAN C 4 5 NA 15
WFL LOON B 9 9 15 16
INDIAN o 2 3 16 NA
EFL LOON B 3 4 NA 22
MARBLE c 1 2% NA 21
L LOON B 5 4 18 21

*1987 year's data.



Figure 1. Channel profiles from permanent transects located within
each study reach for the Mortar Creek Fire study sites for July
1980 versus July 1988. Burn sites are situated in the table
adjacent to reference sites of similar size. In some cases 1979 or
1989 transect data was substituted for 1980 or 1988 transect data,
respectively, due to erroneous transect placement for that
particular study site.
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Figure 2. Channel profiles from permanent transects located within
each study reach for the Mortar Creek Fire study sites for July
1980 versus July 1988. Burn sites are situated in the table
adjacent to respective reference sites of similar size. In some
cases 1979 or 1989 transect data was substituted for 1980 or 1988
transect data, respectively, because of erroneous transect
placement for that particular site.
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Table 5. Periphyton chlorophyll a (ug/cmz) and AFDM (g/mz) values
for July 1980 and July 1988 for the Mortar Creek Fire study sites.
N=5 for each date and site. C=control sites, B=burn sitesz

SITE TYPE CHLOROPHYLL a AFDM
1980 1988 1980 1988
X SD X SD X SD X SD
TEAPOT c 33.6 15.3 12.8 10.5 18.6 8.9 28.2 22.
CHAR B 2.9 2.3 0.9 1.0 1.7 2.3 2.5 2.0
PUNGO c 3.9 3.2 0.7 1.1 3.6 3.2 1.5 1.7
LITTLE B 3.8 4.6 1.2 1.9 5.3 3.6 2.6 0.6
EF INDIAN C 3.6 1.3 0.6 0.5 1.6 0.7 1.4 0.8
WFL LOON B 2.1 l.1 2.7 2.2 4.6 1.5 7.0 6.1
INDIAN C 9.6 5.5 1.0 0.6 6.2 3.4 8. 5.
EFL LOON B 0.4 0.2 4.3 1.5 1.1 0.6 23 11.
MARBLE Cc 6.6 4.3 1.4 0.9 14.2 5.5 5.8 3.7
L LOON B 1.2 1.5 1.9 1.8 1.8 0.6 5.4 3.5
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displayed an initial increase in chlorophyll a and AFDM followed by a decrease
in 1988. This trend would be expected in streams of this size due to enhanced
riparian conditions over time impeding light from reaching the stream. Light
intensity is important for periphyton development and production in streams
(Towns 1981, Steinman and McIntire 1987). In the larger streams there was an
initial decrease in periphyton in 1980 when compared to reference streams,
followed by an increase in 1988. This Erend is most obvious %n E.F.L. Loon where
chlorophyll a increased from 0.4 ug/cm® in 1980 to 4.3 ug/cm® in 1988 (Table 5).
Enhanced riparian conditions that reduce light levels to streams may not be

sufficient to impede periphyton development in larger streams (Vannote et al.
1980).

Changes in benthic organic matter (BOM)

Benthic organic matter dramatically increased in the burn streams in 1980,
especially in the smaller (3rd order or less) streams. Organic matter in these
smaller streams typically was 2-3x greater than in the reference sites (Table
6). By 1988 values of BOM were similar between burn and reference streams.
Composition analysis of the BOM indicated that the increase in organic matter
was due to the high input of charcoal in the burn streams. An anomaly exists in
1980 at Indian Creek and E.F.L. Loon Creek where the reverse trend is evident,
although these sites also were similar by 1988.

Changes in Macroinvertebrate Community Structure

Community level indices. In general, the total number of organisms were lower in
1980 than in 1988 for all of the stream sites except for Char Creek. Char Creek
had 3x the number of organisms than the reference stream (Teapot Creek) in 1980,
whereas the number of organisms in these two streams were comparable in 1988
(Figure 3). The difference exhibited in 1980 between Char Creek and Teapot Creek
may be due to habitat differences associated with the loss of moss in Char
Creek. Teapot Creek exhibited the same general trend of increasing organism
abundance from 1980 to 1988 as did all of the other sites (Figure 3).

The total biomass of organisms was comparable between 1980 and 1988 for all
reference streams except Pungo and Marble Creeks in which the biomass of
organisms decreased by half from 1980 to 1988. In contrast, most of the burn
streams displayed orders of magnitude increases in total biomass between 1980
and 1988 (Figure 3). Total biomass in Char Creek followed the trend of total
numbers, decreasing from 1980 to 1988. The discrepancy between the numbers data
and the biomass data between most burn and.-reference sites suggests possible

subtle changes in insect life history in response to changes in habitat as a
function of fire.

Species richness generally was higher in 1988 than in 1980 at both burn and
reference sites (Figure 4). 1In 1980, species richnesses for East Fork and Main
Little Loon were less than for the respective reference sites; at the other
burned streams they were either equal to or greater than in the reference sites.
In 1988, species richness was nearly the same for all burn and reference pairs
except Little Loon/Marble. Shannon-Weiner diversities (Figure 4) showed
patterns similar to those of richness except for Char/Teapot in 1980 where H'
was lower at Char than at Teapot. The .rm80

reason for the low H' in Char Creek may lie in the species shift where,
although the same species were present, most of them were chironomids.

11



Table 6. Benthic organic matter (BOM; g/mz) and % charcoal
associated with Surber samples taken in July 1980 and July 1988

from the Mortar Creek Fire study sites. N=5 for each site and date.
C=control site, B=burn site.

SITE TYPE BOM (g/m?) % CHARCOAL
1980 1988 1980 1988

X SD X SD X SD X SD
TEAPOT C 20.9 15.0 6.9 6 8 10
CHAR B 92.2 26.8 19.9 100 12 5
PUNGO c 13.9 13.4  13.5 0 10 8
LITTLE B 32.5 19.9 8.9 82 ' 10 7
EF INDIAN C 15.1 16.0 17.6 0 10 9
WFL LOON B 59.7 10.6 6.9 58 9 10
INDIAN C 59.3 8.8 2.6 0 16 13
EFL LOON B 16.1 11.6 5.7 10 17 12
MARBLE o 6.9 9.0 6.7 0 5 5
L LOON B 21.5 7.3 0.9 0 8 3

12




Figure 3. Comparisonz of macroinvertebrate total numbers (#/mz) and
total biomass (mg/m°) for 1980 versus 1988 for the Mortar Creek
Fire study sites. Burn sites are situated in the table above
respective reference sites of similar size. N=5 for each site by
year. Bars respresent +1 SD.

13
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Figure 4. Comparison of macroinvertebrate species richness (S) and
Shannon-Weiner diversity (H') for 1980 versus 1988 for the Mortar
Creek Fire study sites. Burn sites are situated in the table above
respective reference sites of similar size. N=5 for each site by
year. Bars represent +1 SD.
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Functional Feeding Group Response. In 1980 an increase in the relative
abundances of miners and a decrease in the relative abundances of scrapers and
gatherers occurred in all burn sites when compared to reference_sites (Table .
Indeed, scraper absolute numbers werg typically less than 100/m“ in burn sites,
while ranging from 100 to over 900/m* in reference sites (Table 8). The absolute
and relative abundances of shredders and predators were similar between burn and
reference sites in 1980, although Marble Creek had 100x as many shredders as the
burn site (mainstem L. Loon Creek). Filterers were low in absolute and relative
abundances in E.F.L. Loon Creek and mainstem L. Loon Creek in 1980 (Table 7, 8).

In 1988 most burn sites were comparable in functional feeding group relative
abundances with their respective reference sites except for gatherers (Table 7).
Gatherers tended to remain low in relative abundance in most burn sites in 1988.
Scrapers increased in absolute and relative abundances in burn sites from 1980
to 1988, especially in terms of absolute numbers (Table 8). Miners decreased in
predominance in burn sites to levels comparable with respective reference sites,
although absolute numbers were higher (2-10x) in 1988 than 1980 for all sites.
The absolute abundances of shredders were substantially higher in Little Creek
over the reference stream' (Pungo Creek) in 1988. Filterer relative abundance
increased in W.F.L. Loon Creek from 1980 to 1988.

In terms of relative biomass, predators had similar levels in most burn versus
reference sites and between 1980 to 1988 (Table 9). The relative biomass of
predators was high in all sites for both 1980 and 1988, probably due to the
relatively large size of predators. The absolute biomass of predators was
substantially greater in Char Creek over Teapot Creek for both years (Table 10).
Miners displayed low values of relative biomass as compared to relative numbers,
although tending to increase in 1988 in most burn sites. Filterers followed
similar trends between years for respective burn and reference sites, except
Indian Creek which had a predominance of filterers in 1988. The relative
biomass of filterers in E.F.L. Loon Creek decreased from 1980 to 1988, although
their absolute biomass was substantially greater in 1988. Gatherers increased
relative biomass values from 1980 to 1988 in the burn streams, although
absolute biomass values were comparable between burn and reference sites in 1988
(Table 10). No obvious trends are evident in the relative biomass of shredders,
although shredders increased in Little Creek in 1988. In addition, the relative
biomass of shredders was higher in 1980 in E.F. Indian Creek and Marble Creek
compared to respective burn sites. The absolute and relative biomass of scrapers
was similar between burn and reference sites in 1988. As with relative numbers,
the relative biomass of scrapers was higher in W.F.L. Loon Creek than in the
respective reference site in 1980 (Table 9).

CONCLUSION

The data show substantial changes in abiotic and biotic variables for all sizes
of stream ecosystem examined. Considerable recovery seems to have occurred
within the first nine years. However the true extent of the damage and the
degree of recovery would be more readily apparent if the time sequence of events
incorporating each of the first ten years of change could be examined. These
missing data are available, although mostly in raw form, and future efforts
should be made to provide for their reduction, analysis, and synthesis.
Although complete recovery to prefire conditions is believed to require
considerable time (Minshall et al. 1989), this is the first study to examine a ;
full suite of ecosystem-level parameters over even just a 9-year time span. ‘
Such information is essential for the development and implementation of an

appropriate fire management policy and for the intelligent management of aquatic
resources in wilderness areas.
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II. LOTIC MACROINVERTEBRATE RESPONSES TO HABITAT HETEROGENEITY

INTRODUCTION

Southwood (1977) has suggested that the habitat acts as a templet on which the
long-term survival strategies of organisms are developed and through which
ill-adapted species are eliminated. Most studies of stream habitats have
attempted to define the habitat in terms of the average conditions to which
the organisms are exposed. However, correlations between the habitat
components measured and the numbers (abundance) and kinds (taxonomic richness)
of organisms have not provided a good statistical fit in most cases. Part of
the lack of a good fit may be due to sampling deficiencies and improper
selection of variables. But it also has become apparent that mean values may
provide an inadequate characterization of the habitat (Southwood 1977,
Minshall et al. 1988). Ecologists are beginning to recognize that stream
habitats must be considered in terms of their variability (heterogeneity) in
time and their heterogeneity in space (Horwitz 1970, Bruns et al. 1987). This
belief results partly from the fact that in more constant (homogeneous)
conditions, competition will be relatively intense and will limit the numbers
and kinds of organisms, whereas more heterogeneous conditions will result in
reduced competition and more complex communities (Connell 1978). Also, more
heterogeneous environments are believed to provide a greater variety of living

conditions and thus a greater ability to support more kinds of organisms than
homogeneous ones (Pianka 1988).

The purpose of this study is to use bottom-dwelling macroscopic animals
(benthic macroinvertebrates) to test the hypothesis that abundance (A)(as
numbers and as biomass), richness (S), and diversity (some composite measure
of A and S) in streams are primarily functions of habitat heterogeneity. The
most important components of the habitat templet in streams are temperature,
flow, substratum, and food (Minshall and Minshall 1977, Minshall 1984). Flow
may be characterized in terms of volume (discharge) and velocity. Within a
particular location (habitat) along a stream, temperature and discharge will
vary little but change considerably with time. In contrast, velocity and
substratum are mainly spatial variables and remain relatively constant over
time. Food varies in amount both temporally and spatially but, in terms of a
fixed sampling time, is mainly a spatial variable.

Many environmental factors are expected to vary in a predictable fashion along
the length of river system (Vannote et al. 1980, Stanford and Ward 1983,
Minshall et al. 1985a,b, Bruns et al. 1987). Thus it is reasonable to expect
that distinct and predictable differences in the habitat templet will be
associated the pattern of increasing stream size. Therefore, we chose to
examine the role of habitat heterogeneity in determining the abundance and
distribution of benthic macroinvertebrates, against a background of
differences in stream size.
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SITE DESCRIPTION

A difficulty with conducting a comparative study at several points along a
relatively large river is that the impact of man may severely alter conditions
and confound interpretation of the results. Therefore, we selected Big Creek,
a relatively large, pristine river located in the Frank Church Wilderness of
central Idaho as the focus of our study. Big Creek is one of the few large
streams in Idaho still relatively unaffected by anthropogenic influences. A
subsidiary reason for choosing this stream is that its ecology is unknown but
is threatened by proposed mining activities in some parts of its headwaters
(portions outside of the Wilderness).

Big Creek is classified as a 6th order stream according to the Strahler (1957)
method of stream classification. According to this system, the smallest
unbranched headwater tributary is designated as lst order. The merging of two
1st order streams produces a 2nd order stream, two 2nd's a 3rd, etc. Big
Creek and its tributaries were examined over stream orders two through 6 and
at several different size locations within 6th order (Table 1). Link number
(Shreve 1966), which gives a more precise measure of stream size than order,
ranged from 10 at Cliff Creek to 912 in Big Creek above the gorge. Total link
number for Big Creek is 938. Discharge, measured near base flow conditionms,
gave a ranking of the study streams similar to that of order and link (as
expected) except that Beaver Creek, which had a lower stream order and link
number than Ramey Creek, had almost twice the volume of flow. Slope ranged

from 13% in 2nd order Cliff Creek to about 1% in the 5th and 6th order study
reaches.

METHODS

Study sites were selected from examination of maps prior to entering the area,
based on criteria of stream order and link and accessibility from the main Big
Creek trail. An effort was made to choose locations of about the same
elevation, to remove influences associated with this factor, but Ramey Creek
and Beaver Creek deviated from this goal by roughly 200 and 400 m,
respectively (Table 1). The number of sites was limited to one of each size
by budgetary constraints and the exploratory nature of the study. All sites
were sampled in August, prior to the Golden Fire which burned a number of
drainages tributary to Big Creek in early September 1988. Each of the

tributary streams studied was sampled several hundred meters upstream of its
mouth.

Sampling methods utilized standard procedures which we have employed in other
studies of Idaho streams (see e.g., Minshall 1981, 1986 and Minshall et al.
1982, 1983). The techniques and equipment have been developed specifically
for use in remote back country areas over the past 10 years (Minshall et al.
1981 and unpublished, Bruns et al. 1987). However, several of the techniques
used in this study were specifically developed or modified to permit
measurement of habitat heterogeneity using indicators that can be assessed
relatively quickly (i.e., without the need for continuous, long-term records).

Samples of benthic macroinvertebrates and associated organic matter were
collected by means of a Surber net having a mesh of 250 um, preserved for
transport to the laboratory, and processed as described by Platts et al.
(1983). Invertebrates were identified to lowest taxonomic level practicable
(usually genus), counted, and weighed to permit determination of richness,
abundance (both numbers and biomass), and diversity. The associated plant
matter was dried to a constant weight, burned in a muffle furnace at 500°C for
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3 h, and weighed to provide a measure of food abundance. Assessment of
periphyton (attached algae) biomass and chlorophyll a content provided a
second measure of food abundance (Robinson and Minshall 1986). Ten Surber and
ten periphyton samples were collected from each site.

Temperature (°C) was measured with a maximum-minimum recording thermometer,
The change in temperature between early morning low and mid-day high (Delta

T a'ly) gives a measure of relative variability in summer (Vannote et al.
1886, Vannote and Sweeney 1980). Since the August mid-day values were at or
near the annual high and winter temperature values in the area are known to
reach freezing, we also were able to estimate the annual Delta T. Summer-low
discharge (~baseflow Q) was determined from measurements of stream width and
mean cross-sectional water depth and velocity (0.6X depth) at the time of the
study (August). Peak discharge was indexed by measuring the height above the
streambed of stranded flotsam and by determining peak flow cross-sectional
areas and avearage depth of peak flow. Relative temporal heterogeneity of
discharge was determined as the ratio of depth (and x-sectional area) at
baseflow to depth (and x-sectional area) at peak flow and as the difference of
these measures between high and low flow conditions. Flow velocity was
measured just above the substratum using a small Ott C-1 current meter at 50
random locations each within 100 m upstream and downstream of the discharge
transect at each site. Substratum particle size was determined at the same
locations by measuring the maximum, minimum, and intermediate axes of
individual rocks (Leopold 1970). Spatial heterogeneity of depth, current
velocity, and substratum particle size was assessed by calculation of
coefficients of variation (Elliott 1977).

RESULTS and DISCUSSION
Habitat Heterogeneity and Stream Size

Substratum. No relationship of mean substrate size to stream size was evident
from the data regardless of rock dimension used (Table 2). Mean substrate
size, for each dimension measured, was not signifcantly different among stream
sites as a consequence of large standard deviations. The variance/mean ratio
gives an indication of the distribution pattern for a parameter of interest
(Zar 1984). The variance/mean ratio for the substrate data was greater than 1
indicating a clumped or skewed distribution. The similarity in mean substrate
size is evident in the similar coefficients of variation (CV's) among stream
sites. CV's ranged from 75% to 93% for the x-axis, 61% to 90% for the y-axis,
and 58% to 104% for the z-axis (Table 2b). In addition, the relatively high
CV's indicate high substratum heterogeneity within all sites studied.

The similar results among substrate dimensions measured within and among
stream sites tested indicate that a single dimension measurement is adequate
to describe -the substrate characteristics for a site. A correlation of the x-
axis against either the y-axis (r=0.97) or z-axis (r=0.99) further supports
this conclusion. (Figure 1). 1In addition, estimates of the sample size

necessary, indicated that an N of 100 rocks was adequate at the 90% confidence
level.
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Table 2. Habitat characterization for the seven stream study sites. Values are expressed
as means + standard deviations and the coefficients of variation. Parameters measured
include substratum, water depth, and water velocity.

Mean+Standard deviation

Substrate dimensions Water depth| Velocity
Creek n X-axis y-axis z-axis (cm) (m/s)
Cliff 100| 6.62 (5.07)] 11.03 (6.74)] 16.15 (10.22){13.63 (7.21)] 0.38 (0.29)
Beaver 100} _7.49 (6.93)] 13.22 (11.95)] 19.89 (20.68)[26.10 (12.44)] 0.45 (0.31)
Ramey 100] 8.38 (6.29)] 13.54  (9.25)] 21.50 (16.10){24.31 (12.32)] 0.52 (0.40)
Rush 100 6.15 (5.09)] 9.92 (8.50)] 14.59 (14.03)[20.70  (8.73)| 0.52 (0.35)
Big/Coxey | 100| 8.15 (6.10)] 14.68 (9.50)| 20.68 (11.98)|33.21 (15.34)| 0.46 (0.30)
Big/Rush 100] _9.48 (7.70)] 16.97 (12.77)] 24.66 (20.20)|36.14 (13.84)} 0.45 (0.21)
Big/Gorge {100] 7.89 (6.04)] 14.02 (9.80) 19.50 (12.99){142.90 (16.72)] 0.44 (0.28)
Coefficient of Variation

Substrate dimensions Water depth| Velocity
Creek n x-axis y-axis zZ-axis (cm) (m/s)
Cliff 100 0.76 0.61 0.63 0.53 0.77
Beaver 100 0.93 0.90 1.04 0.48 0.68
Ramey 100 0.75 0.68 0.75 0.51 0.77
Rush 100 0.83 0.86 0.96 0.42 0.67
Big/Coxey | 100 0.75 0.65 0.58 0.46 0.66
Big/Rush 100 0.81 0.75 0.82 0.38 0.46
Big/Gorge {100 0.77 0.70 0.67 0.39 0.64
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Figure 1. Regressions of substrate x-axis to substrate y-axis (a) and to
substrate z-axis (b). Points represent the mean axis length (N=100) for
each site.
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estimates of the sample size necessary, indicated that an N of 100 rocks
was adequate at the 90% confidence level.

Water depth and channel characteristics. Mean water depth increased with
stream size (number of links), ranging from a low of 13.6 cm for Cliff
Creek (link number = 10) to 42.9 cm for Big Creek above the gorge (link
number =912) (Table 2a). Coefficients of variation were relatively low
for water depth ranging from 39 % to 53%, although CV's tended to
decrease with stream size (Table 2b).

Channel width increased by 9X, while channel depth only increased 2X from
Cliff Creek to Big Creek above the gorge (Table 1, Figure 2), and is
evident in the positive correlation (r=0.89) of width/depth ratio to link
number (Figure 3a). These data suggest that (1) streams tend to widen
more than deepen in response to greater water flow (Leopold et al. 1964),
or (2) the local geomorphology will dictate the degree of widening or
deepening for a particular stream basin (Richards 1982). Observation of
the Big Creek drainage suggests that this river tends to widen in the
absence of strong geomorphic constraints, but many reaches showed
significant limitation to the channel width imparted by narrowing of the
canyon. Reaches used in this study showed an increase in width:depth
ratio which would not have been as dramatic in other portions of the
river, which attained low flow depths of greater than 2 m.

The ratios of baseflow water depth to bankfull water depth (D/Db) and
channel cross-sectional area at baseflow to bankfull cross-sectional area
(A/Ay) provide an indication of temporal variation in flow within a
stream site. The lower the ratio the greater the degree of change of
water volume (Q) within a site. The ratio is low (i.e. close to 1) in
smaller streams indicating that a high degree of change occurs in
discharge due to runoff events. In contrast, peaks in discharge appear
more pronounced in mid-sized streams due to local geomorphic influences
on channel width (Leopold et al. 1964). Here, D/Db should decrease
relative to values found in lst order streams. In large streams,
increases in flow are not reflected by an increase in stream depth as as
are increases in stream width; consequently, D/Dy, should increase
relative to values found in mid-sized streams. The data show relative
increases in both ratio's in intermediate size streams (Figure 4; note:
lst order streams were not included in this study). Other indices of the
relative temporal heterogeneity of discharge are the actual difference
between baseflow depth and bankfull depth (Delta D) or channel area at
baseflow and channel area at bankfull (Delta A) (Stanford and Ward 1983,
Townsend 1989). Both indices showed positive relationihips to link
number, although Delta A provided a much better fit (r“=0.96) than D/Db.
A/Ab, or Delta D (Figure 4).

Water velocity. Mean water velocity was similar among sites and only
ranged from 0.38 m/s at Cliff Creek to 0.52 m/s at Rush Creek (Table 2a).
CV's also were similar among sites, ranging from 46% at Big Creek above
Coxey Creek to 77% at Cliff Creek (Table 2b). These data indicate
similar water velocity characteristics among sites. Slope had no
apparent influence on water velocity (Figure 3b).
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Figure 2. Cross-sectional channel profile for each site. Note changes
in stream width compared to stream depth as stream size increases.
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Figure 3. Regressions of stream link number against the width/depth
ratio. Width and depth measurement derived from the cross-sectional
profiles for each site. (b) Regression of channel slope (%) to mean
current velocity. Mean velocity derived from 100 random points within
each site.
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Figure 4. Regressions of stream link number against (a) water depth
ratio (D/Db), (b) Delta-depth, (c¢) channel area ratio (&/Ap), and (d)
Delta-area. Here, D=water depth at baseflow, Db=wat:er depth at
bankfull, A=channel area at baseflow, Abschannel area at bankfull, and
Delta represents the difference between D to Dy, and A to Ay.
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Temperature variation. Temporal variation in temperature was expressed in
terms of the annual range in temperature and a near-maximum daily range in
temperature. Both indices showed a strong positive relationship to streanm
size (daily Delta T, r=~0.88; annual Delta T, r=0.90) (Figure 5a,b). Temporal
variation in temperature is expected to be greatest in mid-sized streams and
lowest in small and large size streams (Vannote et al. 1980, Vannote and
Sweeney 1980). Our data fit this expected pattern as evidenced by the

parabolic relationship in temperature variation for the Big Creek sites
(Figure 5a,b).

Benthic and periphytic organic matter. Ehe quantity of benthic organic matter
(BOM) was high at Cliff Creek (98.38 g/m°) and decreased as stream size
increased (e.g. 5.0 g/m¢ at Big Creek above the gorge) (Table 3), Periphyton
quantity was measured as chlorophyll a and ash-free-dry-mass_(AFDM). Cliff
Creek showed the lowest value of chlorophyll a at 0.24 ug/cmz. An extremely
large value was evident at Big Crsek above the gorge giving this site a mean
chlorophyll a level of 4.88 ug/cm®. Deleting this value brought this site
within the values found at the other sites (range 0.24 - 1.64 ug/cm“) (Table
3). AFDM values wers not significantly differeng among sites even though they
ranged from 1.66 g/m“ at Ramey Creek to 8.20 g/m® at Big Creek above Rush
Creek (Table 3; with the single high value at Big Cr. above gorge removed) due

to the high variation in values for Big Creek above Coxey and above Rush
Creek.

Macroinvertebrate Response and Stream Size

Community level analyses. Rank-abundance curves provide a descriptive
analysis of the relative distribution of taxa within a community and allow for
comparisons among communities (Begon et al. 1986). All sites displayed
similar rank-abundance curves with one taxon typically being predominant
(Figure 6). The rank-abundance curves generally followed a log-normal
distribution suggesting an intermediate level of community evenness.

Mean species richness (per sample) ranged from 38 taxa (at Ramey Creek) to
23.0 taxa (at Big Creek above Coxey Creek) (Figure 7a). Shannon-Weiner
diversity (H') was higher in the smaller streams (H'=3.29) and tended to
decrease in the larger streams (H'=2.62) (Figure 7b). Simpson's Dominance
Index (C) was lower in the smaller streams (C=0.18, Cliff Creek) and higher in
the larger streams (C=0.35, Big Creek above Coxey Creek) indicating a more
even numerical distribution of taxa in the smaller streams and sugporting
inferences based on the H' values (Figure 7b). Mean numbers (#/m“) and mean
biomasses (mg/m“) followed similar patterns. No obvious pattern was evident
for abundance or biomass against stream size (Figure 7¢,d).

Functional feeding group distribution and stream size. The River Continuum
Concept (RCC) suggests expected patterns of functional feeding groups with
stream size in relation to sources of energy inputs (Vannote et al. 1980).
The energy base for the Big Creek drainage follows the typical model on whigh
the RCC was based, thus patterns of functional feeding groups with stream size
should adhere to the RCC predictions. According to these predictions, energy
in headwater streams is primarily derived through allochthonous sources and
thus shredders should be relatively more abundant. The relative abundances
and biomasses of shredders was greater in the smaller headwater stream sites
than the more open stream sites (Figure 8a, b). The benthic organic matter
also was greater in these smaller streams.
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Figure 5. Regressions of stream link number to (a) daily Delta-
temperature (°C), and (b) annual Delta-temperature (°C). Here, Delta-
daily represents the difference between the maximum and minimum
temperature recorded at the time of study, and Delta-annual represents
the difference between the maximum temperature recorded at the time of
study and minimum temperature of 0°C.
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Table 3. Benthic organic matter (BOM), and periphyton levels as chlorophyli 3
and ash-free-dry-mass (AFDM). Values are expressed as means * standard

deviation.

: BOM. Chlorophyil AFDM
Station n g/m2 ug/em2 g/m2
Clift 10 98.38 (122.41) 0.24 (0.21) 1.93 (2.00)
Beaver 10 1234  (21.89) 1.44 (2.38) 255 (2.93)
Ramey 10 12.11 (10.08) 0.94 (1.04) 1.66 (1.35)
Rush 10 18.41 (26.62) 0.65 (0.46) 249 (1.20)
Big/Coxey 10 19.53 (45.80) 1.64 (1.24) 7.28 (4.43)
Big/Rush 10 4.91 (4.03) 0.80 (0.63) 8.20 (7.32)
Big/Gorge 10 5.00 (3.17) 4.88 (12.33) 19.30 (52.32)
BlglGorJqL' 9 0.99 (0.91) 2.76 (1.79)

* Values with outlier omitted.
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Figure 6. Proportional rank-abundance and rank-biomass curves for

macroinvertebrates collected at each site. Note the sim
curves and the log-normal distribution for each curve.

ilarity among




Figure 7. Regressions of stream link number against (a) mean species
richness, (b) mean species diver;ity (H') and Simpson's dominance index
(C), (c¢) mean total numbers (#/m®), and (d) mean biomass (mg/m“). Each
mean is derived from 10 benthic samples per site. N=7 for the
regressions. Bars represent +1 SD.
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Scrapers may or may not display obvious patterns with stream size depending
upon the degree of canopy cover over the stream segment sampled (and therefore
the amount of periphyton). The relative abundances of scrapers ranged from
10-27%, with no obvious pattern being exhibited (Figure 8¢c). This lack of
pattern for scrapers is in agreement with the similarity in periphyton levels
among sites. The relative biomass of scrapers ranged from 10% at Big/Coxey to
nearly 40% at Big Creek above the gorge (Figure 8d). The low value for
scrapers (and several other functional groups) at Rush Creek is associated
with the predominance of filterers at this site (Figure 8e,f). Filterers were
low in relative abundance (<10%) at all sites except Rush Creek (about 45%) .,

The relative biomass of filterers appeared to be greater in the intermediate-
sized stream sites (Figure 8f).

No obvious patterns were exhibited by the miner, gatherer, and predator func-
tional groups in Big Creek (Figure 9a-e). These functional groups tend not to
display patterns with stream size because relative amounts of BOM vary with
local conditions, and the food base is not controlled autochthonously or
allochthonously but is processed from either source. Also, these functional
feeding groups generally are opportunistic . . . their abundances fluctuate in
response to the sum total of foods available to them rather than to one
particular food type. The biomass of predators at Big Creek above Rush Creek
(Figure 9f) is unusually high. In addition, gatherers appeared to display |
high relative abundances and biomasses at Cliff Crsek perhaps in response to

the high level of benthic organic matter (98.4 g/m“) found at this site
(Figure 9¢,d).

Macroinvertebrate taxon analyses. The top 10 macroinvertebrate taxa by total
numbers and biomass were used in the analyses. The chironomids predominated
at most sites (Table 4a). Simuljum was the most abundant organism at Rush
Creek, while tubificids were most abundant at Cliff and Ramey Creeks. The
predominance of predators at Big Creek above Rush Creek was caused primarily
by high numbers of Hydracarina (Table 4a).

The top 10 taxa by biomass for each site displayed different trends than the
total numerical abundance data with large bodied organisms (e.g. large
trichopterans and plecopterans) typically ranked number 1 (Table 4b).
However, the chironomids still retained high ranking in respect to biomass.
Brachycentrus and Simulium were ranked first and second at Rush Creek further
emphasizing the predominance of filterers at this site. The Hydracarina
dropped in rank at Big Creek above Rush Creek indicating the importance of

body size for this parameter. Here, Hexatoma (a cranefly) was ranked first
(Table 4b).

Macroinvertebrate Response to Habitat Characteristics

Community measures vs. habitat factors. Discussion in this section is
oriented towards factors which proved to be significant to macroinvertebrate
community structure. For measures of community structure, we used total
numbers, total biomass, species richness (S), Shannon-Weiner diversity (H'),
and Simpson's Index of diversity (C). As mentioned in the Introduction,
certain environmental components within a given stream reach function
primarily as spatial variables (e.g., substratum, depth, velocity, food)
whereas others are chiefly temporal variables (e.g., changes in discharge and
temperature). Of the four primary spatial measures we made (substratum
particle size, water depth, current velocity, and food), velocity was the most
consistently important in determining the structure of the macroinvertebrate
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Figure 8. The mean relative abundance and biomass for the shredder,

scraper, and filterer functional feeding groups by site. Each mean is
based on 10 benthic samples.
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Figure 9. The mean relative abundance and biomass for the miner,
gatherer, and predator functional feeding groups by site. Each mean is
based on 10 benthic samples.
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assemblage among sites. Velocity coefficients of determination (r2 values) of
regressions were > 0.50 against three of the five community indicies meaiured
(Table 5, Figure 10b-d). Substratum size (x-axis ) displayed a higher r
value, showing a significant negative relationship against mean biomass of
invertebrates (Figure 10a). Rabeni and Minshall (1977) found the greatest
numbers of invertebrates on 2.5 - 3.5 cm diameter substratum sizes and
markedly fewer on >7 and <2 cm diameter particle sizes. Their findings
support the negative linear relationship shown in Figure 10a but suggest that
it probably would become curvilinear below 1 - 2 cm diameter, wherever such
deposits are found in the Big Creek basin. There were no strong relationships
indicated by depth or the CV of depth. Statistically significant positive
regressions were found for velocity against mean numbers and species richness
(Figure 10b,c). Several trends were evident in regressions of food parameters
against macro-invertebrate parameters (Table 5). Mean biomass showed a
negative relationship against both AFDM and chlorophyll g (Figure l4a,b).

Mean H' displayed a hyperbolic pattern when regressed against AFDM (Figure
lic). The highest, and only significant correlations, were for H'(p > 0.02)
and C (p >0.01) against spatial heterogeneity of periphyton biomass. Greater
Insight into the influence of food on macroinvertebrates is provided at a

finer resolution of analysis (e.g. functional feeding groups, or taxon-
specific analysis).

Collectively, the temporal variables accounted for more and stronger
correlations when regressed against community measures than did the spatial
variables (Table 5). Four measures of discharge heterogeneity were evaluated
in this study: (1) channel cross-sectional area at low discharge (A) to that
at bankfull discharge (Ab), (2) water depth at low discharge (D) to that at
bankfull discharge (D), (3) annual change in channel cross-sectional area
(Delta A), and (4) annual change in water depth (Delta D). Mean biomass of
macroinvertebrates expressed a significant negative regression against A/Ay
(Figure 1la). Mean numbers of invertebrates displayed strong but
nonsignificant parabolic relationships against A/A, and D/Dy (Figure 1l1b,c).
Simpson's index also tended to peak at intermediate levels of D/Dy (Figure
11d). Shannon-Wiener diversity (H') values were intermediate at intermediate
levels of Delta A but showed a negative relationship with Delta D (Figure
12a,b), whereas Simpson's dominance index showed a parabolic pattern against
Delta A and a linear increase with Delta D (Figure 12¢,d). These data
indicate a less even distribution of taxa at intermediate levels of habitat
variation as determined through D/Dy and Delta A. 1In contrast, the
macroinvertebrate assemblages are dominated by progressively fewer taxa as
Delta D increased. Overall, A/Ay gave the best fit for biomass (linear) and
numbers (parabolic) and Delta D the best fit for H and C. There was no
apparent or significant relationship between these measures of discharge
variability and species richness.

Variation in temperature, expressed daily or annually, also plays an important
role in the structure of macroinvertebrate assemblages (Stanford and Ward
1983). Simpson's index displayed strong parabolic regressions against both
Delta T-annual, and Delta T-daily, suggesting that at even greater variations
in temperature this parameter should decrease further (Figure 13a,b).
Shannon-Wiener diversity displayed strong negative regressions against both
Delta T-annual and Delta T-daily (Figure 13c,d) instead of a hyperbolic
pattern, which would have corroborated the trend shown by Simpson's index.
Mean numbers and species richness (S) displayed parabolic patterns against
Delta T-daily (Figure 13e,f). These data support our earlier findings for the
main Salmon River that species richness is highest and the distribution of
taxa within macroinvertebrate assemblages less even at some intermediate level
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Figure 10. Regressions of (a) mean substrate x-axis (cm) against mean
biomass (mg/m®) of ?acroinvertebrates, (b) mean velocity (cm/s) against
mean abundance (#/m“), (c) mean velocity (cm/s) against species richness
(8), and (d) the coefficient of variation of velocity against species

diversity (H'). For each mean N=10, and n=7 for each regression. Bars
represent +1 SD.
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Figurs 11. Regressions of channel agea ratio (A/Ab) to (a) mean biomass
(mg/m°) and (b) mean abundance (#/m“); and of water depth ratio (D/Db)
against (c) mean abundance and (d) Simpson's dominance index (C).
Ratios determined as in Figure 4. Sample size as in Figure 10. Bars
represent +1 SD.
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Figure 12. Regressions of (a) Delta-area to species diversity (H'), (b)
Delta-depth to species diversity (H'), (c) Delta-area to Simpson's index
(C), and (d) Delta-depth to Simpson's index (C). Sample size as in
Figure 10. Bars represent +1 SD.
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Figure 13. Regressions of (a) annual Delta-T against Simpson's index
(C), (b) daily Delta-t against Simpson's index (C), (¢) annual Delta-T

- against species diversity (H'), and daily Delta_T against (d) species
diversity(H'), (e) mean abundance (#/m‘), and (£) species richness (S).

Delta-T as in Figure 5. Sample size as in Figure 10. Bars represent +1
SD.
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Figure 14. Regressions of (a) AFDM (g/mz) to_mean biomass (mg/mz) of
macroinvertebrates, (b) chlorophyll a (ug/cmz) to mean biomass, and (c)
AFDM against species diversity (H'). Sample size as in Figure 10. Bars
represent +1 SD.
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of temperature variation (Minshall et al. 1985). They also suggest that the
pattern shown by Simpson's index in Big Creek are more representative of
actual trends than is the pattern shown by H'.

Functional feeding group: numbers vs. habitat factors. A correlation matrix
for all the habitat parameters against each functional feeding group expressed
as mean numbers also can be found in Table 5. Although the range in velocity
values was quite small, the numbers of filterers displayed a weak negative
relationship to mean substrate size (Figure 15a). Shredder numbers showed a
significant positive trend with increasing CV of velocity, while the numbers
of scrapers showed a positive relationship to mean velocity (Figure 15b,c).

The number of gatherers responded in a negative fashion to mean velocity
(Figure 15d).

Shredder numbers decreased with an increase in depth, while showing an in-
crease in numbers to the CV of depth (Figure 16a,b). Gatherers showed a
parabolic but nonsignificant function to increasing depth (Figure 1l6¢).
Shredders significantly decreased in numbers as A/A, or D/Dy, increased but the
relationship for gatherers tended toward a hyperbolic one (Figure 17a-4d).
Shredder numbers also displayed a negative function to Delta A (Figure 18a).
Although indicated by a relatively high "r“" value, no obvious ecological
relationship was evident for filterer numbers against Delta A (Figure 18b).
The numbers of scrapers had a parabolic relationship with increasing Delta A
(Figure 18c). The consistent trend of decreasing shredder numbers with the
above physical parameters suggests that these parameters may be indicative of
the retentive capacity and thus food retaining ability for a site.

Shredder numbers significantly decreased with increasing Delta T-dail. and
Delta T-annual (Figure 19a,b). This is not surprising because the Lcadwaters
of a drainage should not only display the least variation in temperacure but
also be cool and contain the greatest amount food resource for shredders
(Vannote et al. 1980). Scraper numbers displayed a parabolic pattern to Delta
T-daily and Delta T-annual (Figure 19¢,d), while the number of gatherers
displayed just the opposite pattern (Figure 19e,f).

As would be expected, shredder and gatherer numbers significantly increased
with an increase in BOM, and they tended to decrease over most of the range of
chlorophyll g values (Figure 20a-d). Shredder and scraper numbers displayed
nonsignificant relationships to the quantity of AFDM (Figure 20e,f).

Functional feeding group: biomass vs. habitat factors. A correlation matrix
of each functional feeding group in terms of biomass against all habitat
factors also can be found in Table 5. Although the range in velocity values
was quite small, gatherer biomass decreased with an increase in mean velocity
(Figure 2la). The biomass of filterers increased with an increase in mean
velocity (Figure 21b).

Shredders biomass, as with numbers, significantly decreased with an increase
in depth (Figure 22a). Gatherer biomass showed a hyperbolic response to mean
depth while showing a nonsignificant increase with the CV of depth (Figure
22b,c). Shredder and gatherer biomass also displayed similar trends, as with
numbers,. against A/Ay, and D/Db. The biomass of shredders and gatherers both
significantly decreased in a curvilinear fashion with increases in A/dy, and
D/Dy, (Figure 23a-d).
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Figure 15. Regressions Sf (a) substrate x-axis (cm) against mean
filterer abundance (#/m“), (b) the CV of velocity against mean shredder
abungance (#/m°), (c) mean velocity (cm/s) to mean scraper abundance
(#/m°), and (d) mean velocity against mean gatherer abundance (#/m°) .
Sample size as in Figure 10. Bars represent +l SD.



Figuie 16. Regressions of (a) mean depth (cm) to mean shredder abundance
(#/m°), (b) the CV of depth to mean shreddsr abundance, and (c) mean

depth against mean gatherer abundance (#/m®). Sample size as in Figure
10. Bars represent +1 SD.
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Figulzﬂe 19. Regressions of (a) daily Delta-T to mean shredder abundance
(#/m“), annual Delta-T to mean shredder abundance, (c) daily Delta-T to
mean scraper abundance, (d) annual delta-T to mean scraper abundance,
(e) daily Delta-T to mean gatherer abundance, and (f) annual Delta-T to
mean gatherer abundance. Delta-T as in figure 5. Sample size as in
Figure 10. Bars represent +1 SD.



Figuﬁe 19. Regressions of (a) daily Delta-T to mean shredder abundance
(#/m“), annual Delta-T to mean shredder abundance, (c) daily Delta-T to
mean scraper abundance, (d) annual delta-T to mean scraper abundance,
(e) daily Delta-T to mean gatherer abundance, and (f) annual Delta-T to
mean gatherer abundance. Delta-T as in figure 5. Sample size as in
Figure 10. Bars represent +1 SD.
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Figure 20. Regressions of benthis organic matter (BOM: g/mz) against
(a) mean shredder abbmdance (#/m“) and (b) mean gatherer abundance; of
chlorophyll a (ug/cm®) agaigst (c) mean shredder and (d) gatherer
abundance; and of AFDM (g/m“) against (e) mean shredder and (f) scraper
abundance. Sample size and in Figure 10. Bars represent +1 SD.
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Figure 21. Regress%ons of mean velocity (cm/s) against (a) mean biomass

of gatherers (mg/m°), and (b) mean filterer biomass. Sample size as in
Figure 10. Bars represent +1 SD.
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Figure 22. Regr&ssions of mean depth (cm) to (a) mean biomass of
shredders (mg/m“), and (b) mean biomass of gatherers; and of the CV of
depth against the mean biomass of gatherers. Sample size as in Figure
10. 'Bars represent +1 SD.
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Figure 23. Regressions of (a) channel area ratio (A/Ab) to mean shredder
biomass (mg/m°), (b) water depth ratio (D/Dy,) to mean shredder biomass,
(¢) A/Ay, against the mean biomass of gatherers, and (d) D/Dy, to mean

gatherer biomass. Ratios as in Figure 4. Sample size as in Figure 10.
Bars represent +1 SD.
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The biomass of scrapers and filterers showed strong but nonsignificant
curvilinear relationship to Delta A (Figure 24). Shredder biomass
significantly decreased with increasing Delta T-daily and Delta T-annual
(Figure 25 a,b). This trend in shredder biomass was similar to the trend in
shredder numbers. Filterers displayed nonsignificant parabolic relationships
against Delta T-daily and Delta T-annual (Figure 25c¢,d). Gatherer biomass, as
with numbers, significantly decreased with increasing Delta T-daily and Delta
T-annual (Figure 2Se,f).

Shredder and gatherer biomass significantly increased with increasing BOM
biomass (Figure 26a,b). As with numbers, shredder and gatherer biomass
significantly decreased with increasing levels of chlorophyll a (Figure

26c,d). The biomass of filterers significantly decreased with increasing AFDM
(Figure 26e).

CONCLUSIONS
Implications for Future Research

The results of this study suggest that temporal aspects of the habitat templet
are more important than within-basin spatial aspects in determining the
structure of communities (i.e., temporal heterogeneity is more important than
spatial factors in explaining the among-stream differences in community-level
measures along a river system]. A logical extension of this finding is that
among-stream differences for streams of the same size within a given drainage
basin should be much less than along-stream differences because temporal
differences in temperature and discharge are likely to be much more similar in
the former than in the latter. Implicit in this inference is that streams of
the same size (e.g., link number) within a given geoclimatic region will have
similar drainage areas, substratum compositions, channel slopes, and the like.
These assumptions seem reasonable on the basis of fluvial geomorphology and
agree with our cursory observations of Big Creek and similar watersheds within
the region. However, one factor that needs to be examined more fully is
whether streams of the same size but at different elevations (and hence
potentially different temperature and runoff regimes) within a drainage basin
exnibit substantially different community-level responses. Obviously in areas
of complex geology and/or topography (i.e., heterogeneous basins) the problem
becomes more difficult and spatial factors may equal or exceed temporal ones
in importance because of the confounding effects of large site-to-site

differences in substratum composition, gradient, water chemistry, vegetative
cocver, ete. :

In relatively simple (homogeneous) river basins, in which the normal
ecological processes (both terrestrial and aquatic) have been allowed to
proceed unregulated by technological humankind over the normal recurrence
interval for catastrophic events, it appears that differences in temporal
variability will be more important than spatial factors in regulating
community response. Futhermore, alterations of the watershed resulting in
changes away from the steady state condition should result in a shift in
community composition for a given stream size to a state more closely
resembling that of a different stream size. For example, burning the
vegetation in a watershed of a 2nd order stream should result in increases in
the annual amplitudes of temperature and runoff (Minshall et al. 1989). This
in turn should cause the community to shift from one like that described in
this report (Cliff Creek) to one more closely resembling an intermediate-sized
stream in the basin (e.g., Big Creek above Coxey Creek) (i.e., one where the
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Figure 24, Regiessions of Delta channel area against (a) mean biomass of
scrapers (mg/m“) and (b) mean filterer biomass. Delta refers to the
difference between channel area at baseflow to channel area at bankfull.
Sample size as in Figure 10. Bars represent +1 SD.
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Figure 25. Res:essions of (a) daily Delta-T (°C) against mean shredder
biomass (mg/m“), (b) annual Delta-T to mean shredder biomass, (c¢) daily
Delta-T to mean filterer biomass, (d) annual Delta-T to mean filterer
biomass, (e) daily Delta-T to mean gatherer biomass, and (f) annual
Delta-T against mean biomass of gatherers. Delta-T as in Figure 5.
Sample size as in Figure 10. Bars represent +1 SD.
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Figure 26. Regressions of benth%c organic matter (BOM: g/mz) against
(a) mean shredder bigmass (mg/m®) and (b) mean gatherer biomass: of
chlorophyll a (ug/cm®) against éc) mean shredder biomass and (d) mean
gatherer biomass; and AFDM (g/m“) against the mean biomass of scrapers.
Sample size as in Figure 10. Bars represent +1 SD.
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temperature and discharge conditions more closely resemble those of the
perturbed watershed). A possible way to test this idea would be to examine a
number of 10 to 30 link streams in burned and unburned watersheds (or before
and after fire) and compare them with communities in 200 to 500 link streams,
If our hypothesis is correct, the communities of the burned low link number
streams should more closely resemble those of the intermediate link number
streams than they do the unburned low link number streams. Over time, the
Sstructure of the communities in the burned streams should gradually return to
that of communities in the unburned streams (Minshall et al. 1989).

Of the spatial factors evaluated in this study (substratum, velocity, depth,
food), the absolute measures were more effective (by a factor of 17 to 11)
than the heterogeneity measures in explaining community level responses.
Furthermore, most of the stronger absolute-measure correlations were
associated with total numbers, total biomass, and richness while most of the
stronger heterogeneity-measure correlations where associated with H' and C.
Thus, it would appear that in lotic ecosystems it is primarily the aspects of
temporal rather than spatial heterogeneity which fit Southwood's (1977) ideas
on the habitat templet. Recently Townsend (1989) had made a strong case for
the primacy of temporal variation in determining the structure of lotic
communities. Our findings and Townsend's ideas support a central feature of
the River Continuum Concept that measures of temporal variability such as
Delta T (Vannote et al. 1980, Minshall et al. 1983, 1985a) and Delta Q
(Minshall et al. 1985b) may largely explain differences in community structure
along a river system (see below).

The results of this study also suggest some places where a reduction in effort
in the measurement of habitat features can be made with no substantial loss in
information. For one, it appears that, in the types of streams studied, water
depth is of little or no ecological significance. A distinction here of
course is implicit between the depths measured randomly over a reach of stream
and those obtained from discrete cross-section transects which can then be
used to index changes in discharge. Also, it is evident from our results that
only one axis of a rock need be measured in characterizing substratum particle
size for ecological purposes or estimation of particle size heterogeneity.

The strong correlations between measurements of the x-axis, and those of the
y- and z-axes indicates that once the relationships among the three axes are
known for a given stream basin, the dimensions of the latter two axes can
reliably be derived from measurements of the former. Furthermore, estimates
of heterogeneity based on each of the three axes appear to be comparable.
However, it does seem that the number of rocks measured can not be reduced
appreciably (below 100 per site) and in some cases should be increased. A
generally accepted belief among stream ecologists is stream gradient provides
a satisfactory index of mean current velocity since a direct correlacion
between the two is inferred (e.g., Odum 1959). Actually, measurements of bed
roughness and hydraulic radius also often are needed to to accurately predict

mean velocity (Hynmes 1970). Our results indicate no correlacion between
gradient and velocity.

Relation to the River Continuum Concept

Vannote et al. (1980), based on logic analogous to the intermediate
disturbance hypothesis of Connell (1978), postulated that biotic diversity
should peak in the mid-reaches of a river system because of the greater
diversity (within tolerable limits) of environmental conditions found there.
These ideas were subsequently amplified by Ward and Stanford (1983) and
Stanford and Ward (1983). In particular, Stanford and Ward assumed that
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These ideas were subsequently amplified by Ward and Stanford (1983) and
Stanford and Ward (1983). In particular, Stanford and Ward assumed that
insect diversity in streams is correlated with temporal environmental
heterogeneity and deduced that temperature and discharge were likely to be the
most useful measures of such variability. Subsequently, Townsend (1989) has
argued that temporal variability is ome of the most important factors in
structuring stream communities. The results of the present study support
several crucial elements of these earlier hypotheses. First, we have shown
that, within the same geomorphic region, changes ‘n temperature and discharge
are the only major factors to vary predictably «..2 in a parabolic fashion over
a broad array of stream sizes. Second, we have shown that most of. the
conventional measures of community response vary in a similar fashion.
Finally, we have demonstrated a stronger correlation between change in
temperature and/or discharge and the various community measures than for any
other major environmental factor (except total biomass vs. substratum particle
size). When we regressed species richness against Delta A plus _Delta Tdaily
in a multiple regression the results were highly significant (r“= 0.85;
p<0.02). Significant correlations also were found for Simpsons' Index (r¢ =
0.78; p<0.05) and Shannon-Weiner Diversity (r“ = .77; p<0.06). The lack of a
significant relationship between total numbers or total biomass and these
factors (in combination with any of the factors taken individually) suggest
that the factors responsible for determining richness or the apportionment of
individuals among taxa are different from (or have a different order of
expression than) those which determine total numbers or total biomass (both of

which may be as much expressions of biotic production or community function as
they are of structure).

Overall patterns of distribution of functional feeding groups were basically
the same in terms of either numbers or biomass even though some differences
did exist in terms of the finer details (Figures 8,9). Because of this, and
because biomass is more meaningful than numbers in terms of functional feeding
group trophic partitioning, the discussion here will focus on relationships
with respect to biomass. Both shredders and gatherers showed positive
correlations with benthic organic matter concentrations (Figure 26). The
negative linear correlation between scraper abundance and periphyton standing
crops may be a reflection of the fact that the scrapers are strongly keyed on
and heavily utilizing this resource at the higher densities of scrapers.
Shredders showed strong correlations for a number of other envirommental
factors besides food but the scrapers and gatherers had higher correlations
with food than any other factor (although Delta T was a close second for
gatherers) (Table 5). Filterers did not show strong correlations with any of
the measures of food abundance but might have if the amounts of seston in the

water column, a more direct measure of the food available to them, had been
measured.

The River Continuum Concept (RCC) predicts the distribution patterns along a
river system for a number of functional feeding groups (FFG's) based on
generalizations concerning changes in food quality and quantity with respect
to the riparian vegetation, light, and water depth (Vannote et al. 1980). 1In
general, the results for Big Creek support the premises of the relationship
between food quality and quantity and FFG responses on which the RCC is based.
However, only a few of the actual patterns predicted by the RCC where found in
Big Creek. The fact that our study covers only the summer and only the 2nd
through 6th orders of a 9th or 10th order river system severely limits
evaluation of the FFG aspects of the RCC based on the present study. However,
the progressive increase downstream of predators and the lowered abundance of
scrapers at several of the larger stream sites were unexpected on the basis of
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matter (CPOM). CPOM was not differentiated during this study but total BOM,
of which it is a component, showed a general downstream decrease. Likewise,
the abundances of shredders and BOM were significantly correlated. However,
since shredders also were strongly correlated to depth, velocity, discharge,
and temperature, the relationship to BOM may have been somewhat fortuitous.
Relative biomass of all collectors (gatherers+filterers+miners) ranged from 26
to 49% and showed a parabolic relationship with stream size, peaking at Rush
Creek. These results deviate from the pattern predicted by the RCC which

assumes a relative constant proportion of benthic invertebrate collectors over
the upper to middle reaches of a river system.
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